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ABSTRACT

Recent advances in genomic technologies have 
generated a large number of expressed sequence 
tags (ESTs) in cotton. Many of these ESTs are 
available in public databases, which offer an 
opportunity to identify simple sequence repeats 
(SSR) in ESTs by data mining. These sequences 
may provide an estimate of diversity in the ex-
pressed portion of the genome and may be useful 
for comparative mapping, for tagging important 
traits of interest, and for additional map-based 
cloning of important genes. One hundred and 
thirty-three SSR-containing ESTs (EST-SSRs) 
were identified by analyzing 9,948 sequences be-
longing to Gossypium hirsutum L. in GenBank. 
The EST-SSR sequences and the related EST 
sequences without SSRs were clustered to reduce 
redundancy and to develop consensus sequences. 
Primers were designed for 84 of these EST-SSRs 
and were tested for their ability to amplify and 
detect diversity among three lines of G. hirsutum 
and one line of G. barbadense L. An average of 
three amplicons was obtained per primer pair. 
The intraspecies polymorphism rate among the G. 
hirsutum cotton cultivars was 26% and interspe-
cific polymorphism between G. hirsutum and G. 
barbadense was 52%. The presence of SSRs in the 
EST-SSR markers was confirmed by cloning and 
sequencing of the amplified products of randomly 
selected primer pairs from four different lines. 
To explore the potential use of the EST-SSR loci 
for comparative mapping, these sequences were 
compared against different plant species using 
BLAST assuming an e-value of 1E-10 or less as a 
significant sequence similarity. About 74% of the 

EST-SSRs were from fiber-related tissues in G. 
hirsutum, whereas 26% were from other tissues, 
such as cotton bolls and cottonseed. Fifty-five 
percent of these EST-SSR sequences matched 
sequences in G. arboretum L., and 19% of the 
sequences showed considerable sequence similar-
ity with sequences in the Arabidopsis thaliana (L.) 
Heynh. genome. In this manuscript, information 
about the primer sequence, repeat motif, and the 
degree of polymorphism of cotton EST-SSR mark-
ers is reported. A cost-effective strategy to develop 
EST-SSR markers by exploiting EST databases is 
demonstrated for the first time in cotton.

Cotton (Gossypium spp.) is the leading textile 
fiber in the world and one of the most important 

oilseed crops. Much of cotton’s production efficiency 
is attributable solely to genetic improvement through 
conventional breeding methods. Cotton has a narrow 
genetic base, so there is little variation available for 
use in the development of new, higher yielding cotton 
cultivars. One of the major limitations to the application 
of genomic technology in cotton improvement is the 
paucity of informative DNA markers.

DNA markers linked to agronomic traits could 
increase the efficiency of breeding by significantly 
reducing the number of backcross generations re-
quired and by decreasing expensive, tedious, and 
subjective phenotypic selection. The two major 
limiting factors in the use of molecular markers 
for both quantitative trait locus (QTL) analysis and 
marker-assisted selection programs in cotton are: 1) 
the limited number of suitable markers available in 
the public sector, and 2) the lack of knowledge of 
how these markers are associated with economically 
important QTLs. Selection of suitable markers is 
one of the key factors for the success of any mo-
lecular breeding program. DNA markers must be 
based on a simple and efficient detection system, 
be highly polymorphic, and be distributed across 
the genome at random. A saturated genetic map 
of suitable DNA markers could expedite genetic 
improvement in cotton.
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There are numerous published reports on cotton 
genetic mapping using restriction fragment length 
polymorphisms (RFLPs) (Brubaker et al., 1999; 
Jiang et al., 2000; Paterson et al., 2003; Reinisch et 
al., 1994; 1999; Saha et al., 1998; Shappley et al., 
1996, 1998; Ulloa and Meredith, 2000; Wright et 
al., 1998), but the RFLP technique is labor intensive, 
time consuming, and expensive. Scientists from 
different countries initiated the International Cot-
ton Genome Initiative (ICGI) to coordinate future 
cotton genomics research (Brubaker et al., 2000). 
ICGI has stressed the need for more portable, pub-
licly available, PCR-based framework markers (e.g. 
SSRs) to expedite genomic research in cotton. Given 
that the genome size of cotton is 2,200 Mb/1C (Ar-
muganathan and Earle, 1991) with an approximate 
total genetic map length of 5,000 cM (Paterson and 
Smith, 1999; Reinisch et al., 1994), several hundred 
markers are needed to achieve a saturated genetic 
map of cotton.

In many crops, simple sequence repeats (SSRs) 
are considered to be one of the markers of choice for 
genome mapping because they are 1) PCR-based, 
2) usually co-dominant, 3) usually multiallelic and 
hyper-variable, and 4) randomly dispersed through-
out the genome. Microsatellite variation is thought 
to be due to slippage of the DNA polymerase during 
replication or unequal crossing over resulting in dif-
ferences in the copy number of the core nucleotide 
sequence (Yu and Kohel, 1999).

More than 500 microsatellite clones, containing 
mostly (GA)n repeats, were first identified in cotton 
at the Brookhaven National Laboratory. The primer-
pairs, designated BNL, for the amplification of these 
loci were made available to the cotton research 
community. An additional 150 (GA)n repeat loci, 
designated CM, were isolated at Texas A&M Uni-
versity (Connell et al., 1998; Reddy et al., 2000). An 
additional 300 SSR markers (JESPR) were identified 
using SSR-enriched genomic libraries (Reddy et al., 
2001). Liu et al. (2000a) reported the chromosomal 
assignment of several BNL microsatellite markers 
using cytogenetic aneuploid stocks. Several papers 
have been published on the use of both JESPR and 
BNL SSR markers in genetic mapping of cotton. 
Zhang et al. (2003) identified SSR markers associ-
ated with a major QTL for fiber strength. These 
scientists also developed a molecular linkage map 
of 624 marker loci (510 SSRs and 114 RAPDs) 
into 43 linkage groups covering 3,314 cM (Zhang 
et al., 2002) and identified SSR markers linked to a 

fertility restorer gene in cotton (Liu et al., 2003). A 
molecular linkage map of important fiber traits us-
ing SSR and RAPD markers based on chromosome 
specific recombinant (F2) lines was also developed 
(Ren et al., 2002). Our research group has used many 
of these SSRs in genetic studies of cotton (Gutiérrez 
et al., 2002; Liu et al., 2000a; 2000b).

Several thousand markers will be required to 
develop a high-resolution saturated genetic map of 
cotton. In the past, SSRs were either developed from 
SSR-enriched libraries or identified by surveys of 
genomic sequence databases (Akkaya et al., 1992; 
Bell and Ecker, 1994; Condit and Hubbell, 1991; 
Morgante and Oliver, 1993; Wu and Tanksley, 1993). 
A new alternative source of microsatellites comes 
from data mining sequence information from the 
publicly available EST databases of important crops 
(Kantety et al., 2002; Smulders et al., 1997).

Several labs, including the NSF-funded “Cotton 
Genome Center” at Univeristy of California-Davis 
and Clemson University, initiated large-scale cDNA 
analyses of the cotton genome, which have provided 
an opportunity to use partially characterized cDNA 
clones for identifying expressed sequence tags con-
taining simple sequence repeats (EST-SSRs). Cardle 
et al. (2000) reported that the average frequency of 
SSRs was one every 6.04Kb in genomic DNA and 
one in every 14 Kb for ESTs in A. thaliana. With 
the considerable potential for comparative mapping 
that EST-SSRs offer (Eujayl et al., 2002; Herron et 
al., 1998; Kantety et al., 2002; Scott et al., 2000; 
Sorrells 2000a; 2000b), we decided to develop these 
markers for cotton.

To date, information on the presence of tandem 
repeats in the expressed sequences is available for 
several important plant species, including A. thali-
ana (Delseny et al., 1999), rice (Sasaki et al., 1994; 
Yamamoto and Sasaki, 1997), oil palm (Billotte et 
al., 2001) and other grasses (Kantety et al., 2002). 
Analysis of 739,258 ESTs from the publicly avail-
able databases of the major monocot and dicot crop 
species, including cotton, revealed that SSRs were 
present in the ESTs at a frequency of 3.4% and 1.7% 
in the sequences of monocots and dicots, respectively 
(Saha et al., 2003). There are some studies in which 
SSRs were derived from public databases for use in 
plants, for example in rice (Cho et al., 2000), and 
grape (Scott et al., 2000; Effie et al., 2000), but there 
is no information on EST-SSR markers in cotton. 
Saha et al. (2003) showed that SSR primers, derived 
from cotton genomic microsatellite libraries, could 
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be used in differential screening of cDNAs from tet-
raploid cotton species, which indicates that some of 
the genomic SSR primer-pairs were actually derived 
from coding sequences.

Using expressed sequences of G. hirsutum from 
GenBank, we report 84 primer pairs designed for the 
amplification of EST-SSR markers in cotton. This 
method of marker development by data mining is 
cost effective and complementary to other ongoing 
large scale sequencing projects in cotton. This study 
also provided an opportunity to investigate the type 
and distribution of repeat motifs in the expressed 
sequences of cotton and the genetic diversity in the 
expressed portion of cotton genome.

MATERIALS AND METHODS

Identification of EST-SSR and primer design. 
The EST-SSRs in cotton were identified according to 
the method of Kantety et al. (2002). A total of 9,948 
EST sequences and 190 partial or full-length cDNA 
sequences of known genes that belong to G. hirsutum 
were downloaded from GenBank (National Center 
for Biotechnological Information; http://www.ncbi.
nlm.nih.gov/Genbank/index.html). One hundred 
thirty-three sequences, containing at least four di-, 
tri, tetra-, penta- or hexanucleotide repeats, were 
identified using Perl script (Kantety et al., 2002).

Primers were designed for the flanking regions 
of the SSR using a web-based software, “Primer3” 
(Rozen and Skaletsky, 1998), and based on the cri-
teria of 50% GC content, a minimum melting tem-
perature of 50º C, and absence of secondary structure. 
Primers ranged from 18–27 nucleotides in length 
and amplified products of 100–400 bp. The primers 
were synthesized by Sigma-Genosys (Woodlands, 
TX). When possible, primers were designed within 
the 5′ or 3′ untranslated region (UTR)(or near to the 
start or stop codon within coding DNA) closest to 
the repeat motif.

Isolation and amplification of genomic DNA. 
Cotton genomic DNA was isolated from young 
leaves using a cetyl trimethyl ammonium bromide-
based extraction method (Altaf-Khan et al., 1997). 
Polymerase chain reactions (PCR) were conducted in 
a total volume of 10 µL, using 50 ng of cotton DNA, 
1X Perkin-Elmer PCR Buffer II (10mM Tris-HCl, 
50mM KCl, pH 8.3), 2.5-3.5 mM MgCl2, 0.2 mM 
deoxy-nucleotide triphophates, 0.15 mM of each 
primer, and 0.4 units of AmpliTaq Gold (Perkin-
Elmer Applied Biosystems; Foster City, CA). The 

amplification profile consisted of an initial period of 
denaturation, and AmpliTaq Gold activation at 94ºC 
for 7 min, followed by 9 cycles (step-1) of 94ºC for 
15 s, 65ºC for 30 s and 72ºC for 60 s with a decrease 
in the annealing temperature by 1ºC in each cycle 
from 65ºC to 56ºC, and then 40 cycles (step-2) of 
94ºC for 15 s, 55ºC for 30 s and 72ºC for 60 s. The 
PCR amplifications were followed by incubation at 
72ºC for 7 min.

Electrophoresis of EST-SSR markers. A hori-
zontal Metaphor agarose gel electrophoresis system 
(Cambrex; North Brunswick, NJ), capable of resolv-
ing two base-pair polymorphisms was initially used 
with unlabeled primers to evaluate amplification 
product polymorphisms. Samples were loaded on a 
horizontal gel containing 4% 1:1 agarose:Metaphor 
agarose in 0.5X TBE buffer (45 mM Tris- borate, 1 
mM EDTA, pH 8) chilled to 4°C. Gels were stained 
with ethidium bromide (0.25ng/µL) and visualized 
under UV light.

EST-SSR primers fluorescently labeled (with 
Hex, FAM or NED fluorochromes) were also used. 
Multimix PCR products from these fluorescently 
labeled primers were separated and markers were 
analyzed by using ABI PRISM 310 Genetic Analyzer 
(Perkin-Elmer Applied Biosystems; Foster City, CA) 
following the manufacturer’s protocol. The PCR 
products were diluted with water 1:20 for HEX and 
FAM, and 1:10 for NED-labeled primers. Three 
(µL) of diluted solution and 0.2 µL of ROX dye (an 
internal size standard) were added to 10 (µL) of for-
mamide, denatured at 95ºC for 5 min, kept at 4ºC for 
5 min, and loaded into an ABI PRISM 310 Genetic 
Analyzer (Perkin-Elmer Applied Biosystems). The 
sizes of the amplified bands were analyzed using the 
accompanying Gene Scan software.

Sequencing of PCR products. To confirm the 
presence of the microsatellite repeats in the ampli-
fied fragments, 16 SSR products were amplified 
from four cotton lines amplified with four randomly 
selected unlabeled primer pairs. The amplified prod-
ucts were electrophoresed on a 2% agarose gel and 
the bands were eluted from the gel and purified on 
a column for cloning. Cloning was performed using 
the PCR4-TOPO TA Cloning Kit for Sequencing 
(Invitrogen Corporation; Carlsbad, CA) following 
the manufacturer’s instructions. Sequencing of these 
clones was conducted using the BigDye terminator 
cycle sequencing system (Perkin-Elmer Applied 
Biosystems) and the M13-forward or M13-reverse 
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primers. Electrophoretic separation of sequencing 
products was performed on an ABI PRISM 3700 
DNA Analyzer 96-capillary automated sequencer 
(Perkin-Elmer Applied Biosystems).

Sequence analysis: Contigs of double stranded 
DNA sequences from each clone, identification of 
overlaps, redundancy among clones, and vector se-
quence trimming were performed using Sequencher 
version 4.0.5 (Gene Codes; Ann Arbor, MI). Sequenc-
es of the EST-SSR products from different genotypes 
were aligned using ClustalW version1.8 (European 
Bioinformatics Institute; http://www.ebi.ac.uk/clust-
alw/index.html). To explore the potential utility of 
these microsatellite loci in genomic comparisons 
with A. thaliana and other plants, the sequences of 
these EST-SSRs were subjected to a basic local align-
ment search (BLAST) tool against the Arabidopsis 
database (TAIR, 2004) and other GenBank sequences 
assuming an e- value 1E-10 or less as a significant 
homology (Altschul et al., 1990).

Genetic diversity of polymorphic EST-SSR 
markers in cotton. The newly designed 84 EST-
SSR primer pairs were first screened on a set of 
four diverse cotton genotypes (TM-1, HS-46, and 
MARCABUCAG8US-1-88 from G. hirsutum, and 
PIMA 3-79 from G. barbadense) for detecting 
polymorphism at both inter- and intra-specific level. 
TM-1 is considered as the genetic standard line in 
G. hirsutum and has been used in mapping many 
important traits. PIMA 3-79 is a double haploid 
line. On the basis of pedigree records, HS46 and 
MARCABUCAG8US-1-88 are distantly related 
(Calhoun et al., 1997), and have been used to pro-
duce intra-specific genetic maps for Upland cotton 
(Shappley et al., 1998). A few selected EST-SSR 
primers were also screened against one line each of 
diploid G. arboretum (A2) and diploid G. raimondii 
Ulbr. (D5)

RESULTS AND DISCUSSION

Data mining for SSR markers. We searched 
9,948 EST sequences and 190 partial or full-length 
mRNA sequences from G. hirsutum for the presence 
of microsatellites. A total of 219 sequences, contain-
ing at least an SSR with a length of 18 bases, were 
identified and clustered using StackPACK 2.0 (Elec-
tric Genetics; Reston, VA)(Miller et al., 1999). After 
the first identification of the SSR containing ESTs, 
we searched for ESTs that overlapped with those that 
carried SSRs. The EST sequences were subjected 

to masking of low-complexity sequences, as well 
as other repeat sequences, using the RepeatMasker 
program (Institute for Systems Biology; http://www.
repeatmasker.org) as per the method of Kantety et 
al. (2002). The EST-SSR sequences and the related 
EST sequences without SSR were clustered to reduce 
redundancy and to develop consensus sequences 
(available online at http://msa.ars.usda.gov/ms/ms-
state/csrl/saha.htm). A total of 133, non-redundant 
sequences were obtained from the clustering proce-
dure and were used for designing primer pairs. Fifty-
five (41%) of these sequences did not have sufficient 
flanking sequences to permit design of specific PCR 
primers. Seventy-eight non-redundant sequences 
were used for designing primers with 18-24 bases 
and approximately 50% GC content. A total of 84 
primer pairs were designed, including six sequences 
for which two sets of primer pairs were designed, 
since two different repeat motifs were identified 
within the same sequence (Table 1).

The EST-SSRs contained diverse types of repeat 
motifs. About 18, 34, and 9% of the sequences con-
tained di-nucleotide, tri-nucleotide, and tetra- or pen-
ta-nucleotide repeats, respectively. The majority of 
EST-SSR sequences contained tri-nucleotide repeats 
of pure structure (34%) followed by di-nucleotide 
pure repeat motifs (Table 1). Similarly, significant 
numbers of interrupted, imperfect, and compound 
repeats were also identified. Recent studies indicate 
that the predominant SSR motif in G. hirsutum was 
(GA/CT)n followed by (AAG)n , while (AAG)n was 
the most common repeat in G. arboreum (Saha et al., 
2003). The most common repeat in graminaceous 
species was (GA/CT)n (Kantety et al., 2002). Gupta et 
al. (1996) reported the most abundant tri-nucleotide 
repeat motifs in plants were (AAG)n and (AAT)n with 
some species-specific variations.

We found very low levels of redundancy in 
EST-SSR with other SSR sequences available in 
public databases, including BNL and JESPR se-
quences (Reddy et al., 2001), which indicates the 
possible presence of a large number of SSRs in 
the cotton genome. Only five EST-SSR sequences 
showed homology with the JESPER sequences in 
the BLAST searches. The sequences of EST-SSR 
primers MGHES-11, 41, 45, 51, and 54 were partly 
similar to JESPR-240, 139, 17, 173, and 278, re-
spectively. BNL-243 and 2646 were similar to the 
MGHES-7 and MGHES-34, respectively. These 
results were confirmed by sequence comparison us-
ing Sequencher software.
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Table 1. EST-SSR primer pairs from Gossypium hirsutum and their polymorphism within and across different cotton species
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EST-SSR polymorphism. All of the 84 primer 
pairs amplified products from the three G. hirsutum 
lines and the G. barbadense line (Table 1). Sixty 
primer pairs produced amplicons of the expected 
size. An average of three amplicons was obtained 
per primer pair because some of the primer pairs 

amplified more than two PCR products. More than 
one amplicon might result from amplification of 
homoeologous loci of the A and D genomes in 
the tetraploid cotton species (AD genome) and/or 
due to the amplification of paralogous loci within 
the genome.

Table 1. continued
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Polymorphism of EST-SSRs within G. hirsutum 
was 26% (Table 1). Forty-four primer pairs (52%) 
were polymorphic between G. hirsutum and G. 
barbadense. Moreover, the monomorphic EST-SSRs 
may have potential for detecting single nucleotide 
polymorphisms (SNPs) that could also be used as 
markers to map important genes. Reddy et al. (2001) 
observed 21% polymorphism within G. hirsutum 
and 49% polymorphism between G. hirsutum and G. 
barbadense for SSR markers derived from genomic 
sequences. The level of polymorphism detected 
across the four cotton genotypes in this study was 
similar to the results of Reddy et al. (2001).

DNA Star software (DNA Star; Madison, WI) 
was used to locate the position of the SSRs in the EST 
sequences. Fifty-eight percent of EST-SSRs were in 
the 5′UTR region, 36% in the coding DNA sequence, 
and only 6% in 3′UTR region. Tri-nucleotide pure 
repeats had the highest level of polymorphism (69%) 
followed by di-nucleotide repeats. The imperfect 
repeats had the lowest frequency of polymorphism 
among all classes of repeats in this study. Interrupted 
and imperfect SSRs in the EST sequences generated 
lower polymorphism, presumably due to the initial 
stages of mutational decay with less chance for 
polymerase slippage (Smulders et al., 1997). Most 
of the repeat motifs with a higher number of repeats 
showed higher polymorphism in agreement with the 
previously reported positive correlation between the 
repeat length and polymorphism (Weber, 1990).

Sequencing of amplified products. Selected 
PCR products were cloned and sequenced to further 
confirm the presence of the SSR in the EST markers 
(Table 2, Fig. 1). A total of 16 PCR products, ampli-
fied with a set of four randomly selected EST-SSR 
primer pairs (MGHES-25, 30a, 41 and 58) using ge-
nomic DNA from four different cotton lines (TM-1, 
HS46 and MARCABUCAG8US-1-88, PIMA 3-79), 
were selected for sequencing. Both monomorphic 
and polymorphic markers based on the randomly 
selected primers were used for sequencing. Each 
of the amplified products was cloned and 24 clones 
from each amplified product were sequenced. Al-
most all of the sequences of cloned products gave 
products within the expected size range (Table 2). 
All of the cloned products have the same motif as 
the original EST sequence but with variable numbers 
of repeats, confirming the presence of SSR motifs in 
the amplified products (Fig. 1). A multiple sequence 
alignment with sequences for the original G. hirsu-
tum EST (AI054761), its homologous G. arboreum 
EST (BQ404189), and the sequence of cloned PCR 
products from four different cotton lines revealed 
several point mutations, such as one base insertions, 
deletions, or transitions, in addition to the variable 
repeat numbers of the SSR motif (CTT)n (Table 2, 
Fig. 1). Overall, the sequence alignments showed 
that priming sites were conserved, but revealed the 
presence of variable number of microsatellite repeats 
(Fig. 1). For example, Pima 3-79 (G. barbadense) 

Table 2. Sequence analysis of selected amplified products from four different cotton lines using EST-SSR primers

EST-SSR  
primer pair Cotton genotypez Expected  

product size (bp)
Observed  

product size (bp)
Repeat motif  

of original sequence
Repeat motif  

of sequenced product

MGHES-25 Pima 3-79 
TM-1 
HS 46 

MAR-1-88

200 200 
203 
203 
203

(TTA)7 (TTA)6 
(TTA)7 
(TTA)7 
(TTA)7

MGHES-30a Pima 3-79 
TM-1 
HS 46 

MAR-1-88

165 177 
167 
167 
167

(CT)13 (CT)13 
(CT)13 
(CT)13 
(CT)13

MGHES-41 Pima 3-79 
TM-1 
HS 46 

MAR-1-88

198 204 
201 
201 
201

(CCA)8 (CCA)8 
(CCA)7 
(CCA)7 
(CCA)7

MGHES-58 Pima 3-79 
TM-1 
HS 46 

MAR-1-88

228 223 
232 
232 
229

(CTT)10 (CTT)9 
(CTT)10 
(CTT)10 
(CTT)9

z  TM-1 is considered genetic standard line of G. hirsutum; HS 46 and MAR-1-88 (MARCABUCAG8US-1-88) are two 
improved lines of G. hirsutum; Pima 3-79 is a double haploid line of G. barbadense.
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had a larger deletion of six bases at the end of one 
SSR compared with the other lines, which distin-
guished it from the G. hirsutum lines. The homolo-
gous region of the G. arboreum EST (BQ404189) 
had four extra repeat units, a transition of A to G in 
the forward primer region and an insertion of T in 
the reverse primer region (Fig. 1). There was little 
clone to clone variation in the sequences derived 
from a single line (data not shown), which may be 
caused by Taq polymerase error, by allelic variations 

due to heterozygosity, by amplification of a mixture 
of homologous and homoeologous products, or by 
PCR-mediated recombination (Cronn et al., 2002).

The EST-SSR primers successfully amplified 
other species of cotton, G. arboreum (A2) and G. 
raimondii (D5), and detected 52% polymorphism 
between these two species. Recently, genomic SSRs 
derived from G. hirsutum were used for mapping in 
other species, such as G. barbadense, G. nelsonii 
Fryx., and G. australe F. Muell. (Liu et al. 2000a; 

BQ404189      1 TCTCCATGTATCCGCCCACAAATAAAGCAAGCAGCTTTATTAATATCTCTTTAATTCAAT
TM-1          1 TCTCCATGTATCCACCCACAAATAAAGCAAGCAGCTTTATTAATATCTCTTTAATTCAAT
HS46(RI-P1)   1 TCTCCATGTATCCACCCACAAATAAAGCAAGCAGCTTTATTAATATCTCTTTAATTCAAT
MAR(RI-P2)    1 TCTCCATGTATCCACCCACAAATAAAGCAAGCAGCTTTATTAATATCTCTTTAATTCAAT
AI054761      1 TCTCCATGTATCCACCCACAAATAAAGCAAGCAGCTTTAT-AATATCTCTTTAATTCAAT
PIMA 3-79     1 TCTCCATGTATCCACCCACAAATAAAGCAAGCAGCTTTATTAATATCTCTTTAATTCAAT

BQ404189     61 TTTCCT-TATCTCTCTTTGA-GTCTTCAATTGATTGCCCAGATTTTTCTTCTTCTTCTTC
TM-1         61 TTTCCT-TATCTCTCTTTGA-GTCTTCAATTGATTGCCCAGATTTTTCTTCTTCTTCTTC
HS46(RI-P1)  61 TTTCCT-TATCTCTCTTTGA-GTCTTCAATTGATTGCCCAGATTTTTCTTCTTCTTCTTC
MAR(RI-P2)   61 TTTCCT-TATCTCTCTTTGA-GTCTTCAATTGATTGCCCAGATTTTTCTTCTTCTTCTTC
AI054761     60 TTTTCTCTATCTCTCTTTGAAGCCTTCAATTGATTGCCC-GATTTTTCTTCTTCTTCTTC
PIMA 3-79    61 TTTCCT-TATCTCTCTTTGA-GTCTTCAATTGATTGCCCAGATTTTTCTTCTTCTTCTTC

BQ404189    119 TTCTTCTTCTTCTTCTTCTTCTTCTTCTTTCTCTTCAATTCACGATCTGCATTAGCTATT
TM-1        119 TTCTTCTTCTTCTTCTT------------TCTCTTCAATTCACGATCTGCATTCGCTATT
HS46(RI-P1) 119 TTCTTCTTCTTCTTCTT------------TCTCTTCAATTCACGATCTGCATTCGCTATT
MAR(RI-P2)  119 TTCTTCTTCTTCTT---------------TCTCTTCAATTCACGATCTGCATTCGCTATT
AI054761    119 TTCTTCTTCTTCTT---------------TCTCTTCAATTCACGATCTGCATTC-CTATT
PIMA 3-79   119 TTCTTCTTCTTCTT---------------------CAATTCACGATCTGCATTCGCTATT

BQ404189    179 TTATCATGCTTTTCTTAAAACTTTTCCTTCTCTTTTCTTTGTTTTCCTTCACTTTCTCTC
TM1         167 TTATCATGCTTTTCTTAAAACTTTTCCTTCTCTTTTCTTTGTTTTCCTTCACTT-CTCTC
HS46(RI-P1) 167 TTATCATGCTTTTCTTAAAACTTTTCCTTCTCTTTTCTTTGTTTTCCTTCACTT-CTCTC
MAR(RI-P2)  164 TTATCATGCTTTTCTTAAAACTTTTCCTTCTCTTTTCTTCGTTTTCCTTCACTT-CTCTC
AI054761    163 TTATCATGCTTTTCTTAAAACTTTTCCTTCTCTTTTCTTTGTTTTCCTTCACTT-CTCTC
PIMA 3-79   158 TTATCATGCTTTTCTTAAAACTTTTCCTTCTCTTTTCTTTGTTTTCCTTCACTT-CTCTC

BQ404189    239 ACGATGC
TM-1        226 ACGATGC
HS46(RI-P1) 226 ACGATGC
MAR(RI-P2)  223 ACGATGC
AI054761    222 ACGATGC
PIMA 3-79   217 ACGATGC

���������������

���������������

Figure 1.  Analysis of sequences derived from different cotton lines that were amplified using the primer pair MGHES-58.  
Sequence alignment of the four cloned amplification products, the original G. hirsutum sequence (AI054761) from which the 
primer pair had been developed, and a G. arboreum EST from Genbank (BQ404189). The CTT repeat motifs were shown 

with gray background and the sequences were aligned in the 5′-3′ orientation. TM-1, HS46, and MAR (MARCABUCAG8US-

1-88) are genotypes of G. hirsutum, and Pima 3-79 is a genotype of G. barbadense.
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2000b; Qureshi et al., 2001). These results indicate 
that there is a high degree of sequence conservation 
between the different diploid and tetraploid species 
of Gossypium. The ability to amplify these markers 
by PCR, conservation of sequence across different 
species of cotton, a high polymorphism rate, and the 
potential for sequence based comparative mapping 
make the EST-SSR markers ideal for comparative 
mapping in cotton.

To explore the potential utility of the EST-SSR 
markers for comparative mapping, the non-redundant 
EST-SSR sequences were compared with sequences 
of other cotton species, as well as the sequences of 
other crops and model organisms, using BLAST 
assuming an e-value <1E-10 as a significant homol-
ogy. About 74% of the EST-SSR loci had sequence 
similarity with a gene expressed in fiber tissue of 
G. hirsutum. In contrast, 85% of all the G. hirsutum 
ESTs originate from fiber tissue. Forty eight percent 
of the non-redundant EST-SSR sequences matched 
with ESTs from G. arboretum derived from fiber 
tissues. This result highlights the differences in 
expression profiles of cotton fiber tissues from G. 
hirsutum and G. arboreum.

These EST-SSR markers can be useful for 
comparative mapping with the Arabidopsis genome 
because about 19% of the sequences showed sig-
nificant sequence similarity with sequences in the A. 
thaliana genome. Reddy et al. (2001) reported that 
about 13% of genomic JESPR SSR sequences from 
cotton were similar to sequences in the Arabidopsis 
genome and is consistent with the finding that many 
of the genomic SSRs were derived from expressed 
portion of the genome (Saha et al., 2003). Soltis et 
al. (1999) reported a close evolutionary relationship 
between Gossypium (Malvaceace) and Arabidopsis 
(Brassicaceae) based on taxonomic and molecular 
phylogenetic evaluation. Despite the close relation-
ship between cotton and Arabidopsis, significant 
matches were identified for only one fifth of the 
non-redundant EST-SSR sequences. Since 74% of 
the EST-SSR sequences originated in cDNA libraries 
of fiber tissue from G. hirsutum, the non-matching 
sequences might be unique to fiber tissues. The EST-
SSR markers described here should prove suitable as 
comparative markers between the Arabidopsis and 
cotton genomes and could be used for comparative 
mapping between these two species based on se-
quence matching as observed in other plant species 
(Sorrells et al., 2003).

CONCLUSIONS

In conclusion, this study identifies and makes 
publicly available new PCR-based EST-SSR mark-
ers for cotton. These markers will complement the 
currently available genomic SSR markers. Since 
these markers were developed based on expressed 
sequences and they are conserved across other cotton 
species and other closely related plant species such 
as Arabidopsis, they may be useful for comparative 
mapping. In addition, these markers may be useful 
for studies of fiber traits because majority of these 
EST sequences were derived from fiber tissues and 
have fewer matches to other plant genomic and 
expressed sequences. This is the first report on the 
development of PCR based EST markers in cotton. 
These markers will be very useful in the future for 
map-based cloning of important genes and integrat-
ing physical and functional genome maps using BAC 
clones recently developed in other laboratories.
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